Abstract. Computed tomography (CT) radiation dose can be reduced significantly by region of interest (ROI) CT scan. Automatically positioning the heart in CT scout images is an essential step to realize the ROI CT scan of the heart. This paper proposed a fully automatic heart positioning method in CT scout image, including the anteroposterior (A-P) scout image and lateral scout image. The key steps were to determine the feature points of the heart and obtaining part of the heart boundary on the A-P scout image, and then transform the part of the boundary into polar coordinate system and obtain the whole boundary of the heart using slant elliptic equation curve fitting. For heart positioning on the lateral image, the top and bottom boundary obtained from A-P image can be inherited. The proposed method was tested on a clinical routine dataset of 30 cases (30 A-P scout images and 30 lateral scout images). Experimental results show that 26 cases of the dataset have achieved a very good positioning result of the heart both in the A-P scout image and the lateral scout image. The method may be helpful for ROI CT scan of the heart.
Introduction
Computed tomography (CT) technology is relatively maturely developed and has been widely used in recent years. In consideration of the scanning speed and the image resolution, the CT scanner is playing an increasingly important role in clinical examinations especially for heart disease. However, its radiation risks have gradually aroused the concern of more and more researchers and patients, therefore, a lot of studies focusing on the relationship between radiation and cancer have been carried out [1] [2] [3] [4] [5] [6] [7] . How to effectively reduce the radiation dose of CT scan with providing high quality images has become a new challenge to researchers. More and more studies on CT dose reduction have been conducted not only in the clinical fields but also in the technical fields [8] [9] [10] [11] .
In many cases of the clinical diagnosis, doctors are only interested in the images of a certain tissue or organ. However, the existing CT scanners can only perform a full-field scan, which leads to the ex-cessive radiation to the surrounding tissues. For example, when a physician orders a heart CT scan for a patient, he (or she) can get the images of the whole chest, including many parts he (or she) does not care. As a matter of fact, the patient receives much unnecessary radiation on the tissues and organs besides the heart in this scanning mode. Therefore, the study of the region of interest (ROI) scanning and reconstruction method becomes a hot issue in CT technical field [12] [13] [14] [15] [16] .
The CT Angiography (CTA) study of the heart is commonly used in clinical examination. To realize the ROI scan of the heart, an important step is to position the heart first. Generally, a low dose CT scout will be performed before the formal scan. If the heart region can be determined in the scout image, it would be possible to implement the ROI scan of the heart.
In this paper, an automatic heart positioning method in CT scout images was proposed. Assuming that the results were between anteroposterior (A-P) scout image and lateral scout image, a threedimensional positioning of the heart region was determined. It will be an essential step to realize the automatic ROI scan.
Materials and methods
Cardiac CT-scouts are the main research objects in this paper, which are two-dimensional projection images, as shown in Figure 1 . Since there are great differences between A-P scout image and lateral scout image, different positioning methods are taken into account.
The whole process of the algorithm was described as Figure 2 . Taking the A-P image for example, the first step was a thresholding preprocessing. According to the characteristics of grey level histogram of the foreground image (only the image of the body part excluding the background), a reasonable threshold value was calculated without manual intervention. Secondly, according to the binary image, two feature points were detected, which were the intersections between the bottom heart and the bilateral lungs. Parts of the left and right boundary of the heart were detected based on the two feature points. To obtain the whole boundary of the heart, the slant elliptic equation curve fitting based on parts of the heart boundary was performed in polar coordinate system. At last, a transformation from polar coordinate system to rectangular coordinate system was applied and the heart positioning process was finished on A-P image. For heart positioning on the lateral image, the top and bottom boundary obtained from A-P image can be inherited. Detailed steps of the algorithm were introduced as follows. 
Materials
In this study, 60 CT scout images were collected from NeuViz 64 (Neusoft Medical System) including 30 anteroposterior (A-P) images and 30 lateral images from 30 patients. The data came from the routine examination of a hospital with all the patients' private information being removed. There were data of 11 female patients and 19 male patients in the dataset with age ranging from 40 to 79. The scanning parameters were as follows: KVP = 120kV, Tube current = 40mA, exposure time = 3000ms, spatial resolution = 0.35mm.
Heart positioning on A-P scout image

Automatic threshold segmentation to obtain lung region on A-P image
As seen in Figure 3 , the heart region is surrounded by the lung. To position the heart, the first step is to segment the lung. The detailed steps are as follows:
− Remove the image background. Since too much black background of the original image has seriously affected the gray level distribution of the real image, as shown in Figures 3(a) and 3(b), removing the black background of the images is necessary.
− Calculate the reasonable threshold according to the gray level histogram of the image. As shown in Figure 3(d) , there are three peaks and two valleys on the histogram, which present the distribution of different tissues. According to the tests, when the threshold was set in the middle of the first peak and the first valley, the result was the most ideal. − De-noising processing. The noise around the edge of the heart will affect the accuracy of the final positioning. Mathematical morphological open operation was used to remove the noise of the images after segmentation here. The result is presented in Figure 4 .
Feature points detection
The feature points mentioned here are the two intersection points between the bottom heart and the bilateral lungs. These two points are essential to fitting the heart outline.
− Find the left and right boundary associated with the heart. Determine an interval containing the heart in the vertical direction (the length of the interval is longer than the heart), as shown in Figure 5(a); then try to find the left and right boundary by tracing initial points from the top of the interval. Figure 5 (b) shows the right boundary it found. − Find the two feature points. According to the result shown in Figure 5 (b), the boundary curve can be transformed by rotating 90 degrees counterclockwise. The parts outside the interval were set as the same value as the end point. In order to remove the noise, the curve was smoothed first, as displayed in Figure 5 (c). Find all the maximum points in the fixed interval (between the two red lines in Figure 5 (c), and calculate the curvature of all the maximum points to find the target point. The feature point it finally found is shown in the red circle in Figure 5 (c). For the left side, the same method can be used to find the target point. 
Left and right heart boundary determination
After the two feature points at the heart bottom were found (shown with the red circles in Figure  6 (a)), part of the left and right boundary of the heart should be determined. It can be respectively obtained by tracing several pixels from the feature points along the boundary. The number of pixels was determined according to the real size of the heart empirically. The result is shown in Figure 6 (b).
Slant elliptic equation curve fitting in polar coordinate
After obtaining part of the left and right boundary, the slant elliptic equation curve fitting was used to get the whole outline of the heart. To perform the fitting, the first step is to convert the boundary points from rectangular coordinate system to polar coordinate system, as seen from Figure 7 . It is shown in Figure 7 (b) that the red dots in the middle part of the polar coordinate system are the left boundary of the heart, and the other two parts on both sides are the right boundary. So the internals between the three parts of red dots are the lower and upper boundary to be fitted, respectively displayed as the black and yellow arrow in Figure 7 (b).
To fit the outline of the whole heart, the slant elliptic equation curve fitting method in polar coordinate system was used, and the polar equation can be described as follows: where ρ is radius, θ is angle, a is the long axis of the ellipse, b is the short axis of the ellipse, and α is slant angle. Using the above equation, an initial fitting result can be obtained, seen from Figure   7 (c).
It can be seen that the fitting result cannot match the sample points perfectly. The yellow points on Figure 8 (a) are the upper and lower boundary part of the heart. If the result is transformed back to rectangular coordinate system, the joint part won't be good, as shown in Figure 8(b) . So a correction for the initial fitting result is necessary, and the length difference in Figure 8 (a) should be removed (marked by the black arrow). Green points in Figure 9 (a) are the corrected fitting result.
Transformation to rectangular coordinate
After the correction, the fitting result can be transformed back to the rectangular coordinate system, and Figure 9 (b) shows the final heart outline.
Heart positioning on lateral scout image
To position the heart on lateral scout image, the first step is automatic thresholding, similar to the processing on A-P image. The upper and lower bound of the heart can be inherited from A-P image positioning. The only work is to find the anterior and the posterior bound. The anterior boundary of the heart is almost the border of the thorax. It is easy to find the anterior thorax boundary within the upper and lower limit. The red circle in Figure 10 (a) presents the outer bound of the body, and the green circle presents the anterior boundary of thorax. Through many experiments, it can be found that the anterior-posterior distance of the heart on lateral scout image is approximate to the average length between the long axis (blue line on Figure 10(b) ) and the short axis (green line on Figure 10(b) ) of the heart obtained from the A-P image. The anterior and posterior boundaries are presented in Figure 10 (c). The distance between upper and lower boundaries in lateral image is the same with that in A-P image.
Implementation and results
This algorithm was implemented on 30 A-P CT-scouts and 30 lateral CT-scouts. All these images came from the routine examination of a hospital. For each patient's data, the heart positioning process in A-P scout image was performed first. After obtaining the heart boundary, the ceiling and floor were inherited in the positioning process of lateral image. For most images, the heart positioning results were quite good. However, due to the threshold value being calculated slightly larger, four results (two A-P images and two lateral images) out of the whole dataset were not as good as expected. The positioning accuracy is shown in Table 1 .
Some of the positioning results are shown in Figures 11 and 12 . In A-P image positioning, the left boundary was positioned a little inside the heart as observed from Figures 11(d) and 11(e) . Also there was a deviation of the anterior and the posterior boundary in Figures 12(c) and 12(f) , respectively. Table 1 The positioning accuracy of the heart in the A-P and lateral scout images Positioning accuracy A-P scout images Lateral scout images 100% included 28 28 84% included (Figure 11 Fig. 11 . Implementation results on 30 A-P CT-scouts. Fig. 12 . Implementation results on 30 lateral CT-scouts.
Conclusion and future work
In this paper, an automatic heart positioning method in CT scout image was proposed. The key part of this method is to determine the feature points in A-P image, based on which part of the heart boundary can be found. With the part of the heart boundary, the slant elliptic equation curve fitting was used in polar coordinate system to get an initial fitting result and then a correction was performed to obtain the final fitting result. For the lateral scout image positioning, the previous result from A-P image can be inherited.
Since the CT scout is a 2D image, it is more difficult to extract the heart than to do it in crosssectional image. During the whole process, a lot of digital image processing technologies were used, among which, the calculation of threshold was relatively important to the following steps. The method used in this paper can get an appropriate threshold value for most of the images.
The number of the experimental data is a little limited. However, they were selected by doctors and were deemed to be representative. Many studies associated with ROI scan and reconstruction have been carried out, and the cardiac application will be one of the most important application. In the following work, more data would be evaluated and more accurate positioning result is expected.
